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Abstract	
	
It	is	known	from	hundreds	years	of	researches	that	the	geomagnetic	fields	are	generated	
mainly	by	internal	mechanisms	in	the	Earth.	Therefore,	the	fields	are	dominated	by	low‐frequency	 from	 internal	 sources	with	 small	 fractions	 of	 high‐frequency	 from	 external	
sources,	particularly	 the	Sun.	However,	 conclusions	are	not	obtained,	 regarding	which	
vector	components	are	really	related	to	the	external	or	internal	sources.	Solar	eclipse	is	a	rare	natural	occurrence,	where	the	Moon	is	temporarily	shadowing	the	Sun,	therefore	the	 solar	 influence	 on	 geomagnetic	 fields	 should	 reach	 a	 minimum	 values.	 Thus	
meticulous	geomagnetic	observations	conducted	during	a	solar	eclipse	are	expected	to	be	 able	 to	 answer	 the	 above	 questions.	 A	 solar	 eclipse	 has	 occurred	 on	 the	 Lombok	Island	on	9th	March	2016,	reached	the	totality	of	82	%,	occurred	during	07:22	LT	–	09:43	
LT	 with	 a	 peak	 at	 08:28	 LT.	 We	 have	 conducted	 a	 continuous	 observations	 at	 the	Lombok	Geomagnetic	Observatory,	over	 a	 time	span	of	one	month	 (two	weeks	before	and	two	weeks	after	the	eclipse).	We	analyzed	the	fluctuations	of	vector	components	by	
taking	comparisons	with	two	other	observatories;	one	in	the	nearest	affected	region	(i.e.	Kupang	in	Indonesia)	and	another	one	in	the	regions	that	are	not	affected	by	eclipse	(i.e.	Kakadu	 in	Australia).	Changes	of	vector	directions	are	also	observed	by	 looking	at	 the	
Declination	 and	 Inclination	 values,	 obtained	 from	 daily	 absolute	 measurements.	 The	
values	are	compared	with	the	results	of	periodical	absolute	measurements,	which	have	been	conducted	weekly	at	LOK	during	 the	 last	 two	years.	The	 frequency	spectrums	of	
total	magnetic	 fields	are	analyzed	to	obtain	 the	changes	of	 low‐frequency	components	due	 to	 the	 eclipse	 occurrence.	 Data	 will	 be	 juxtaposed	 with	 observations	 of	 solar	radiation	and	 temperature	 in	 the	observation	 room.	The	 results	 showed	 that	 the	 total	
values	of	the	magnetic	fields	tend	to	decrease	(about	10	nT),	with	clear	reductions	in	the	
values	of	X	 (Northing)	and	Y	 (Easting),	while	 increases	 in	Z	 (vertical)	 component.	The	absolute	measurement	results	confirm	the	decreases	of	fields	during	eclipse	time.	They	
also	show	significant	increase	in	declination	and	decrease	in	inclination.	The	increasing	of	declination,	decreasing	of	inclination,	and	decresing	of	total	magnetic	fields	are	clearly	seen	since	three	days	before	the	eclipse.	
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1. Introduction	
The	 geomagnetic	 field	 measured	 at	 the	 Earth’s	 surface	 is	 the	 superposition	 of	
contributions	from	external	sources	in	the	planetary	environment	(e.g.	electric	current	
flowing	in	the	ionosphere	and	magnetosphere)	and	internal	ones	in	its	interior	(e.g.	fluid	
core,	magnetization	of	rocks	in	the	crust	and	induced	currents	in	the	Earth’s	interior	by	
the	time	variations	of	the	external	 fields),	as	described	in	detail	by	Olsen	et	al.	(2010).	
Indeed,	 effort	 to	 separate	 contributions	 of	 internal	 and	 external	 sources	 has	 been	
performed	firstly	about	180	years	ago	by	Carl‐Friedrich	Gauss	(1839),	who	introduced	
the	 concept	 of	 spherical	 harmonic	 analysis.	 Since	 then,	 people	 came	 to	 the	 conclusion	
that	by	far	the	largest	part	of	the	field	originates	inside	the	Earth.	However,	according	to	
Olsen	 et	 al.	 (2010),	 the	 sophisticated	 separation	 of	 these	 various	 sources	 and	 the	
accurate	determination	of	the	spatial	and	temporal	structure	of	them	is	still	a	scientific	
challenge	up	today.		
	
Solar	 eclipse	 is	 a	 rare	 natural	 occurrence,	 where	 the	 Moon	 is	 temporarily	
shadowing	 the	 Sun.	 During	 the	 eclipse	 time,	 therefore	 the	 solar	 influence	 on	
geomagnetic	 fields	 should	 reach	 a	 minimum	 values.	 Since	 the	 main	 external	
geomagnetic	 fields	 is	generated	by	the	Sun,	 thus	meticulous	geomagnetic	observations	
conducted	during	a	solar	eclipse	are	expected	to	contribute	in	the	efforts	to	separate	and	
analyze	the	geomagnetic	sources.		
	
In	 this	 paper	 we	 present	 the	 resuts	 of	 one	 month	 continuous	 geomagnetic	
observations,	conducted	at	the	Lombok	Geomagnetic	Observatory	(LOK),	with	the	peak	
time	 of	 eclipse	 is	 placed	 right	 in	 the	middle	 of	 the	 time	 span.	 All	 vector	 components	
values	 are	 analyzed	 to	 get	 the	 fluctuations	 related	 to	 eclipse.	 Comparissons	 are	 taken	
with	 two	 other	 observatories;	 in	 the	 nearest	 affected	 region	 (i.e.	 Kupang	 (KPG)	 in	
Indonesia)	and	another	one	in	other	regions	that	are	not	affected	by	eclipse	(i.e.	Kakadu	
(KDU)	 in	 Australia).	 Changes	 of	 vector	 directions	 are	 observed	 by	 looking	 at	 the	
Declination	 and	 Inclination	 values,	 which	 are	 obtained	 from	 daily	 absolute	
measurements.	 These	 absolute	 measurements	 have	 been	 taken	 exactly	 at	 the	
corresponding	 time	 to	 the	 peak	 time	 of	 eclipse.	 The	 values	 are	 compared	 with	 the	
results	of	periodical	absolute	measurements,	which	have	been	conducted	weekly	during	
the	last	two	years.		
	
Related	 to	 the	 separation	 of	 field	 sources,	 the	 frequency	 spectrums	 of	 total	
magnetic	 fields	are	analyzed	to	obtain	 the	changes	 in	 the	proportion	of	 low‐frequency	
parts	due	to	the	eclipse	occurrence.	Data	will	be	 juxtaposed	with	observations	of	solar	
radiation	and	temperature	in	the	observation	room.	
	
By	 showing	 a	 good	 results	 of	 solar	 eclipse	 observations,	 we	 would	 like	 to	
introduce	 LOK	 as	 a	 new	 observatory	 operated	 in	 equatorial	 regions,	 which	 produces	
high	quality	variations	and	absolute	data.	The	available	data	 should	be	very	useful	 for	
further	studies	related	to	geomagnetism,	including	earthquakes	studies	of	this	regions.	
	
2. 9th	March	2016	Solar	Eclipse	
 
A	 partial	 solar	 eclipse	 has	 been	 occured	 over	 the	 Lombok	 Island	 (West	 Nusa	
Tenggara),	 with	 totality	 magnitude	 of	 78%	 ‐	 82%.	 At	 the	 location	 of	 Lombok	
Geomagnetic	Observatory	(LOK),	it	happened	on	9th	March	2016	from	07:22	LT	to	09:43	
LT	(8th	March	2016	at	23:22	UTC	to	9th	March	at	01:43	UTC),	with	the	maximum	total	
phase	 at	 08:28	 LT	 (01:28	 UTC).	 Path	 of	 the	 eclipse	 and	 locations	 of	 the	 three	
observatories	are	depicted	in	Fig.	1.	
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Figure	1.	Path	of	the	9th	March	2016	solar	eclipse,	with	the	location	of	three	observatories,	i.e.	Lombok	(LOK)	and		
Kupang	(KPG)	in	Indonesia,	and	Kakadu	(KDU)	in	Australia.		This	figure	is	taken	with	modification	from:	
https://en.wikipedia.org/wiki/Solar_eclipse_of_March_9,_2016#	
3. Observation	at	Lombok	Geomagnetic	Observatory	
3.1. Fields	Variation	Recording  
	
The	following	equipment	are	used	for	variation	recording:			
(i) Three‐axial	 suspended	 fluxgate	 magnetometer	 FGE	 (manufactured	 by	 DMI	
Copenhagen,	Denmark),	which	measures	geomagnetic	variations	in	three	directions	
of	vector	components	(Horizontal,	Declination,	and	Vertical).	
(ii) Overhauser	 proton	 magnetometer	 GSM90‐F1	 (manufactured	 by	 GEM	 Systems,	
Richmond	Hill,	Canada),	which	measures	geomagnetic	total	intensities.	
(iii) GPS	 clock	 Telecode	 (manufactured	 by	 Precitel	 Neuchatel,	 Switzerland),	 which	
determines	 time	 automatically,	 synchronized	 with	 Universal	 Time	 Coordinate	
(UTC)	using	satellite.	
	
Results	of	recordings	are	depicted	in	Fig.	2	to	Fig.	5.		
      
														(a)																																																																																																															(b)	
Figure	2.	Variation	recording	of	total	magnetic	fields	(F)	at	LOK	compared	with	KPG	and	KDU,	(a)	during	one	
month	observation	(02.03.2016,	00:00	UTC	–	16.03.2016,	23:59	UTC),	and	(b)	during	the	eclipse	time	(8th	March	
2016	23:22	UTC	‐	9th	March	01:43	UTC).	
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(a)																																																																																																															(b)	
Figure	3.	Variation	recording	of	Northing	(X)	component	at	LOK	compared	with	KPG	and	KDU,	(a)	during	one	
month	observation	(02.03.2016,	00:00	UTC	–	16.03.2016,	23:59	UTC),	and	(b)	during	the	eclipse	time	(8th	March	
2016	23:22	UTC	‐	9th	March	01:43	UTC).	
 
   
(a)																																																																																																															(b)	
Figure	4.	Variation	recording	of	Easting	(Y)	component	at	LOK	compared	with	KPG	and	KDU,	(a)	during	one	
month	observation	(02.03.2016,	00:00	UTC	–	16.03.2016,	23:59	UTC),	and	(b)	during	the	eclipse	time	(8th	March	
2016	23:22	UTC	‐	9th	March	01:43	UTC).	
 
   
(a)																																																																																																															(b)	
Figure	5.	Variation	recording	of	Vertical	(Z)	component	at	LOK	compared	with	KPG	and	KDU,	(a)	during	one	
month	observation	(02.03.2016,	00:00	UTC	–	16.03.2016,	23:59	UTC),	and	(b)	during	the	eclipse	time	(8th	March	
2016	23:22	UTC	‐	9th	March	01:43	UTC).	
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3.2. Absolute	Measurements	
	
Absolute	 measurements	 have	 been	 conducted	 every	 day	 for	 one	month,	 during	
two	weeks	before	and	two	weeks	after	the	eclipse.	The	measurements	of	declinations	of	
each	day	have	been	taken	around	 the	 time	of	maximum	total	phase.	Especially	 for	 the	
day	of	eclipse,	absolute	measurements	were	taken	three	times,	i.e.	with	the	declinations	
measurements	taken	in	the	beginning	phase,	during	maximum,	and	at	the	end	of	eclipse	
phase.		Results	of	measurements	are	depicted	in	Fig.	6.	
	
 (a) 
 (b) 
 (c) 
 (d) 
 (e) 
 
Figure	7	Blue	points	are	results	of	weekly	absolute	measurements	during	two	years	time	interval	(17	September	
2014	‐	12	October	2016),	with	red	ones	are	results	of	daily	measurements	during	one	month	around	the	solar	
eclipse.	All	component	are	shown,	with	(a)	Total,	(b)	Horizontal	(c)	Vertical	and	(d)	Declination	(e)	Inclination.	
	
3.3. Solar	Radiation	Measurements	
	
Solar	Radiations	were	observed	using	Phyranometer	for	one	week,	i.e.	from	three	
days	before	to	three	days	after	the	eclipse,	with	the	day	of	eclipse	in	the	centre	of	time	
range.	 	Results	of	measurements	are	depicted	 in	Fig.	8,	shows	that	solar	radiation	was	
quite	low	during	eclipse	time.	
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  														(a)																																																																																																															(b)	
Figure	8.	Variation	recording	of	Solar	Radiatin	at	LOK,	(a)	during	06.03.2016,	00:00	UTC	–	12.03.2016,	23:59	UTC.	
(b)	during	08.03.2016,	21:00	UTC	–	09.03.2016,	05:59	UTC.	
 
3.4. Temperature	Measurements		
 
Temperatures	 were	 measured	 in	 the	 Variation	 Room,	 as	 recorded	 by	 the	 data	
logger	 MAGDALOG,	 with	 2	 Hz	 time	 sampling	 and	 averaged	 in	 one‐minute.	 Results	 of	
measurements	 are	 depicted	 in	 Fig.	 9,	which	 shows	 that	 the	 temperature	were	mainly	
stable	during	the	observation	days	(27	–	29	°C).	However,	the	temperature	were	slightly	
lower	on	the	eclipse	time.	
	
        
(a)																																																																																																															(b)	
Figure	9.	Variation	recording	of	Temperature	measured	in	the	Variation	Room	of	LOK,	(a)	during	02.03.2016‐
16.03.2016,	and	(b)	during	08.03.2016,	21:00	UTC	–	09.03.2016,	05:59	UTC.	
  
4. Spectrum	of	Variation	Recording	
	
The	 variation	 recordings	 of	 total	 fields	 (F)	 are	 analyzed	 to	 get	 the	 spectrum	 for	
frequency	 range	 <0,04Hz.	 The	 normalized	 values	 of	 power	 spectral	 densities	 are	
reaching	the	maximum	point	of	2,645	on	6th	March	2016	at	f=	0	Hz,	while	on	other	days	
are	1,062	on	2nd	March	at	f=	0	Hz,	1,264	on	9th	March	at	f=	0	Hz,	1,294	on	10th	at	f=	0	Hz,	
0,956	on	14th	at	f=	0	Hz,	and	1,348	on	15th	at	f=	0,0039	Hz.		
	
Results	of	spectrum	analysis	are	depicted	in	Fig.	10.	It	can	be	concluded	that	the	
low	frequencies	are	higher	on	the	days	before	and	after	the	eclipse.	It	means	that	the	low	
frequency	 and	 contributions	 of	 internal	 sources	 to	 the	 total	 fields	 are	 reaching	 the	
minimum	value	on	the	solar	eclipse	day.	
‐400
‐200
0
200
400
600
800
1000
00
.00
12
.00
00
.00
12
.00
00
.00
12
.00
00
.00
12
.00
00
.00
12
.00
00
.00
12
.00
00
.00
12
.00So
lar
 Ra
dia
tio
n (
W/
m)
Time (UTC) ‐300.00
‐200.00
‐100.00
0.00
100.00
200.00
300.00
400.00
500.00
600.00
700.00
800.00
21
.00
22
.00
23
.00
00
.00
01
.00
02
.00
03
.00
04
.00
05
.00So
lar
 Ra
dia
tio
n (
W/
m)
Time (UTC)
1 21
41 61
81 101
121 141
161 181
200
23
45
67
89
1011
1213
1415
16
20
22
24
26
28
30
32
 
MinuteMarch 2016
 
Te
mp
era
tur
e (
oC
)
27.2
27.4
27.6
27.8
28
28.2
28.4
28.6
28.8
29
‐0.80
‐0.70
‐0.60
‐0.50
‐0.40
‐0.30
‐0.20
‐0.10
0.00
21
.00
22
.00
23
.00
00
.00
01
.00
02
.00
03
.00
04
.00
05
.00
Va
ria
tio
n o
f T
 (°C
)
Time (UTC)
 7 
 
	
  
Figure	10.	Power	spectral	density	of		total	fields	(F)	for	frequency	range	<0,04Hz	
 
5. Discussions	&	Remarks	
	
Among	early	study	about	geomagnetic	fluctuation	as	an	effect	of	the	solar	eclipse	
is	 done	 by	 Chapman	 (1933),	 who	 theoritically	 estimated	 the	 effect	 that	 should	 be	
expected	to	result	 from	a	solar	eclipse.	Afterward,	Chapman	and	Bartels	 (1940)	stated	
that	partial	eclipses	(with	more	than	70	%	of	the	Sun	is	obscured)	may	be	little	inferior,	
in	their	magnetic	effects,	to	total	eclipses.	A	quite	long	time	after	that,	Cullington	(1962)	
showed	 that	 the	 magnetogram	 traces	 recorded	 at	 Apia	 Observatory	 on	 the	 day	
preceding	the	eclipse,	the	day	of	the	eclipse,	and	the	day	succeeding	the	eclipse.	At	the	
time	 of	 the	 eclipse	 there	 appears	 to	 have	 been	 a	 distinct	 decrease	 in	 the	 horizontal	
component,	with	maximum	amplitudes	of	10	nT	in	H,	0.6'	in	D,	and	5	nT	in	Z.		
	
Further	studies	of	solar	eclipse	has	been	done	by	Ates	et	al.	(2011),	which	resulted	
a	decrease	in	the	intensity	of	the	magnetic	field	as	observed	during	the	total	solar	eclipse	
in	2006	in	Turkey.	Low‐pass	filtered	magnetic	data	show	peculiarity	during	the	eclipse	
which	can	be	correlated	with	the	fluctuations	in	the	gravity	fields.	During	the	previous	
eclipse	on	the	same	region,	Korte	et	al.	(2001)	reported	that	no	eclipse‐related	magnetic	
variations	 were	 observed	 from	 various	 parts	 of	 Europe.	 However,	 they	 found	 a	
magnetically	quiet	period	with	magnetic	activity	 index	Kp=	1	around	the	solar	eclipse.	
On	 the	 other	 hand,	 during	 the	 same	 previous	 eclipse,	 Malin	 et	 al.	 (2000)	 observed	
changes	in	the	declination	angle	and	a	decrease	of	the	intensity	of	the	magnetic	field.		
	
Babakhanov	 et	 al.	 (2013)	 studied	 the	 effect	 in	magnetic	 field	 by	measuring	 the	
geomagnetic	 variations	 during	 a	 solar	 eclipse	 on	 1	 August	 2008	 in	 Rusia.	 They	 used	
standard	instruments	and	comparing	the	results	with	measurements	over	the	same	time	
span	 at	 18	 INTERMAGNET	 observatories	 along	 shadow	 path	 from	 Canada	 to	 Japan.	
Some	variations	can	be	noted	 in	the	magnetic	 field	 in	Novosibirsk	with	amplitude	 less	
than	5	nT,	which	is	not	reliable	for	being	among	geomagnetic	variations	of	non‐eclipse	
origin.	 The	 results	 for	 X	 component	 show	 negative	 anomalies	 for	 all	 mid‐latitude	
observatories	and	the	times	of	its	extremes	coincide	with	local	totality.	
	
Finally,	Panda	et	al.	 (2015)	 studied	 the	 impact	of	15	 January	2010	 solar	 eclipse,	
they	 refer	 to	 Espenak	 et	 al.	 (2006)	who	 considered	 that	 the	 effects	 associated	with	 a	
solar	 eclipse	 is	 always	 unique	 and	 empasized	 the	 necesity	 to	 study	 any	 individual	
eclipses.	 It	 is	 because	 the	 solar	 eclipses	 may	 occur	 at	 various	 geographic	 locations	
during	different	phases	of	the	solar	activity,	geomagnetic	conditions,	seasons,	as	well	as	
local	times	of	the	day.		
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Continuous	observations	at	LOK	during	one	month	around	the	day	of	solar	eclipse	
on	9th	March	2016	resulted	decrease	in	total	field	value	of	about	10	nT	or	0.02	%	from	
the	 base	 value	 (results	 of	 absolute	 measurements	 during	 two	 years	 interval).	 This	
decreases	are	affected	by	reductions	in	the	values	of	X	(Northing)	and	Y	(Easting),	which	
are	the	components	related	to	H	(horizontal	component).	On	the	other	hand,	there	was	
slightly	increase	in	Z	(vertical	component).	The	frequency	spectrum	of	total	field	showed	
decrease	in	low	frequency	(e.g.	internal	source)	contribution.	This	decrease	is	about	52	
%	if	compared	to	the	maximum	specral	reached	on	another	day.	
	
The	 absolute	 measurement	 results	 show	 significant	 increase	 in	 declination	 and	
decrease	 in	 inclination,	and	clearly	confirm	the	decreases	of	 fields	during	eclipse	time.	
These	 decrease	 of	 total	 fields	 is	 more	 prominent	 in	 comparisson	 with	 the	 normal	
decrease	during	non‐eclipse	days.	The	 fluctuations	of	declination,	 inclination,	and	total	
magnetic	fields	are	clearly	seen	since	three	days	before	the	eclipse.	
	
The	results	of	solar	eclipse	observations	in	our	current	study	is	more	touroughly	
compared	 to	 the	 previous	 eclipse	 studies.	 It	 is	 really	 supported	 by	 high	 quality	 data,	
obtained	 by	 high	 resolution	 of	 equipment,	 as	 well	 as	 well	 done	 procedures	 of	
measurements.		Based	on	the	consistency	of	results	which	are	supported	by	high	quality	
data,	we	 really	 confident	 to	 use	 LOK	 data	 for	 the	 future	 studies	which	 need	 sensitive	
analysis,	such	as	earthquake	precursors.	
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